Monoubiquitination of proliferating cell nuclear antigen induced by stalled replication requires uncoupling of DNA polymerase and mini-chromosome maintenance helicase activities.
Proliferating cell nuclear antigen (PCNA) is a homotrimeric, ring-shaped protein complex that functions as a processivity factor for DNA polymerases. Following genotoxic stress, PCNA is modified at a conserved site by either a single ubiquitin moiety or a polyubiquitin chain. These modifications are required to coordinate DNA damage tolerance processes with ongoing replication. The molecular mechanisms responsible for inducing PCNA ubiquitination are not well understood. Using Xenopus egg extracts, we show that ultraviolet radiation and aphidicolin treatment induce the mono- and diubiquitination of PCNA. PCNA ubiquitination is replication-dependent and coincides with activation of the ataxia telangiectasia mutated and Rad3-related (ATR)-dependent DNA damage checkpoint pathway. However, loss of ATR signaling by depletion of the ATR-interacting protein (ATRIP) or Rad1, a component of the 911 checkpoint clamp, does not impair PCNA ubiquitination. Primed single-stranded DNA generated by uncoupling of mini-chromosome maintenance helicase and DNA polymerase activities has been shown previously to be necessary for ATR activation. Here we show that PCNA ubiquitination also requires uncoupling of helicase and polymerase activities. We further demonstrate that replicating single-stranded DNA, which mimics the structure produced upon uncoupling, is sufficient to induce PCNA monoubiquitination. Our results suggest that PCNA ubiquitination and ATR activation are two independent events that occur in response to a common single-stranded DNA intermediate generated by functional uncoupling of mini-chromosome maintenance (MCM) helicase and DNA polymerase activities.